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0 Bioreactor. 



© A bioreactor comprises a cylindrical tank (2; 102; 
202; 302), a cylindrical mesh member (4; 104; 204; 
304) arranged inside the tank concentrically there- 
with so that the mesh member separates an inner 
space of the tank into an outside space defined 
between an inner wall of the tank and the mesh 
£i member and an inside space, these spaces being 
^packed with a culture medium or a carrier, respec- 
tively, a plurality of oxygen supplying pipes (6; 106; 
*"206; 306) extending axially inside or outside the 
W mesh member for supplying an oxyzen to the culture 
If) medium, culture medium supplying means for sup- 
^ plying the culture medium in the tank, and a plurality 
W of culture medium recovery pipes (8; 108; 208; 308) 
O extending axiaily inside or outside the mesh member 
^for recovering the culture medium after utilized. The 
UJculture medium supplying means comprises a plu- 
rality of nozzle members (10; 110; 210; 310) which 
are arranged in the outside space described above 



or inside the mesh member so that the culture 
medium supplied through the nozzle members can 
(low radially inwardly or radially outwardly. The 
structure of the mesh member or the axial lengths of 
the nozzle members may be changed so as to 
axially uniformly supply the culture medium in the 
tank. 
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BIOREACTOR 



BACKGROUND OF THE INVENTION 



This invention relates to a bioreactor for carry- 
ing out cultivation of ceils of animals or plants. 

Bioreactors for carrying out fermentation or cul- 
tivtaion of cells of animals or plants include a fluid 
bed type in which a carrier immobilizing cell, en- 
zyme, yeast or microorganism (totally called bio- 
logical catalyst hereinafter) is maintained in a float- 
ing condition and a static bed type in which a 
carrier stabilizing or immobilizing the biological 
catalyst fills in a tower or column. The static bed 
type bioreactor is further classified into a hollow 
fiber type in which hollow fiber is utilized as a 
carrier and a packed bed type in which a granular 
carrier such as foam glass, three-dimensional 
mesh-shape carrier such as ceramic porous body, 
honey-comb-shape carrier or multi-layered plate- 
like carrier is utilized as a carrier 

For example, as a packed bed type bioreactor, 
there is known a bioreactor in which the granular 
carrier stabilizing the biological catalyst fills in a 
cylindrical tank and culture medium is fed into the 
tank from the lower "portion towards the upper 
portion of the tank. With the bioreactor of this type, 
the culture medium is likely extruded and the 
packed bed is composed of a moving phase in 
which the culture medium flows and a stationary 
phase (packed material phase) in which the culture 
medium does not flow at all. 

With the bioreactor of the type described 
above, however, nutritional concentration and dis- 
solved oxygen concentration are gradually reduced 
during the passing through from an inlet, through 
which the culture medium with dissolved oxygen is 
fed, to an outlet, through which a product or used 
culture medium is recovered, and in the meantime, 
waste materials reversely increases. For this rea- 
son, activity of the biological catalyst is lowered at 
the outlet of the bioreactor and, hence, the bilogicai 
catalyst does not effectively fulfil the function and 
productivity of useful substance is reduced, which 
constitutes a significant problem. 

In order to solve this problem, there has been 
provided a bioreactor of the type in which the 
height H of the cylindrical tank is made substan- 
tially equal to a distance I from the culture me- 
dium inlet to a portion just before a portion at 
which the nutritional concentration and the dis- 
solved oxygen concentration have become their 
critical values and the productivity of the useful 
substance have been extremely reduced and the 
diameter 0 of the tank is made large to ensure a 
sufficient inner volume thereof. However, there is a 



limit for making small the ratio H/D, thus being 
difficult to scale up the tank. 

The biological catalyst likely adheres on the 
upper surface of the carrier and, hence, the adhe- 
5 sive density of the biological catalyst on the lower 
side of the carrier is small, which results in the 
lowering' of the productive efficiency. This is also a 
ploblem for the bioreactor of the type described 
above. 

10 In addition, in the conventional bioreactor, 
since the culture medium is likely extruded and the 
biological catalyst is poured into the culture me- 
dium with relativly high density when the biological 
catalyst is immobilized in the granular carrier, it is 

75 difficult to uniformly immobilize the biological cata- 
lyst to the whole carriers in the tank. Accordingly, 
the immobilization density of the biological catalyst 
is lowered at a portion near the upper end of the 
tank (i.e. the outlet side of the bioreactor) and, 

20 hence, the productivity of the useful substance for 
the bioreactor is lowered. 

These problems described above have been 
also caused with a horizontal type bioreactor pro- 
vided with a tank having an axis extending horizon- 

25 tally, as well as the static bed type bioreactor 
including the hollow fiber and packed bed type 
bioreactor. 



30 SUMMARY OF THE INVENION 



An object of this invention is to substantially 
eliminate defects or drawbacks encountered to the 
35 prior art described above and to provide a bioreac- 
tor of packed bed type capable of reducing the 
distribution of the concentration in a movable 
phase of a bioreactor and achieving fermentation or 
cultivation with improved high density and pro- 
40 ductivity. 

This and other objects can be achieved ac- 
cording to this invention, in one aspect, by provid- 
ing a bioreactor comprising a cylindrical tank, a 
cylindrical mesh member arranged inside the tank 
45 concentrically therewith so that the mesh member 
separates an inner space of the tank into inside 
and on outside spaces, the outside space being 
packed with a culture medium and an inside space 
packed with a carrier, a plurality of oxygen sup- 
so plying pipes extending axially inside the mesh 
member for supplying an oxygen to the culture 
medium, culture medium supplying means for sup- 
plying the culture medium in the tank so as to flow 
the culture medium radially inwardly inside the 
tank, and a plurality of culture medium recovery 



pipes extending axiaily inside the mesh member 
for recovering the culture medium after utilized. 

In another aspect according to this invention, 
there is provided a bioreactor comprising a cylin- 
drical tank, at least one cylindrical mesh member 
arranged inside the tank concentrically therewith so 
that the mesh member separates an inner space of 
the tank into inside and on outside spaces, the 
outside space being packed with a carrier and an 
inside space packed with a culture medium, and a 
plurality of oxygen supplying pipes extending ax- 
iaily outside the mesh member for supplying an 
oxygen to the culture medium, culture medium 
supplying means for supplying the culture medium 
in the tank so as to flow the culture medium 
radially outwardly inside the tank, and a plurality of 
culture medium recovery pipes extending axiaily 
outside the mesh member for recovering the cul- 
ture medium after utilized. 

In preferred embodiments, the tank is con- 
structed to be rotatable by a driving mechanism. 

The mesh members is secured at both ends to 
the flanged seal members closing both end open- 
ings of the tank and the* mesh member has a 
structure formed so that mesh sizes are gradually 
increased from the culture medium entering end 
towards the other end thereof. The culture medium 
supplying means may comprise a plurality of noz- 
zle members which are arranged outside the mesh 
member in the former aspect of this invention and 
inside the mesh member in the latter aspect there- 
of so as to supply the culture medium in the tank 
axiaily uniformly in a direction radially inwardly or 
outwardly. The mesh member has a mesh struc- 
ture having a size capable of passing the culture 
medium together with a biological catalyst and the 
culture medium recovery pipe has a porous struc- 
ture capable of passing the culture medium but not 
passing the biological catalyst. 

According to this invention of the characters 
described above, the culture medium introduced 
into the tank of a bioreactor can be uniformly 
distributed in the axiai direction of the tank. The 
oxygen can be fed into the culture medium effec- 
tively. The culture medium introduced into the tank 
is radially fed through the mesh member and con- 
tact to the carrier. The biological catalyst is buried 
in the carrier and only the culture medium is recov- 
ered after utilized. 



BRIEF DESCRIPTION OF THE DRAWINGS 



In the accompanying drawings: 
Fig. 1 is a side view of a bioreactor accord- 
ing to the first embodiment of this invention; 

Fig. 2 is a longitudinal sectional view taken 



along the line ll-ll shown in Fig. 1 ; 

Fig. 3 is a cross sectional view taken along 
the line Ill-Ill shown in Fig. 1; 

Fig. 4 is a view showing a wire mesh struc- 
5 ture used for the first embodiment; 

Fig. 5 is a sectional view taken along the line 
V-V shown in Fig. 4; 

Rg. 6 is a side view showing a pipe struc- 
ture used for this invention as an oxygen supplying 
to pipe; 

Rg. 7 is an enlarged sectional view of a part 
of the pipe structure shown in Fig. 6; 

Rg. 8 is a perspective view of one example 
of arrangement of culture medium supplying noz- 
75 zles utilized for this embodiment; 

Rg. 9 is a side view of a bioreactor accord- 
ing to the second embodiment of this invention; 

Rg. 10 is a longitudinal sectional view taken 
along the line X-X shown in Rg. 9; 
20 Rg. 1 1 is a cross sectional view taken along 

the line XI-XI shown in Rg. 9; 

Rg. 12 is a side view of a bioreactor accord- 
ing to the third embodiment of this invention; 

Rg. 13 is a longitudinal sectional view taken 
25 along the line XIII-XIII shown in Rg. 12; 

Rg. 14 is a cross sectional view taken along 
the line XIV-XIV shown in Rg. 12; 

Rg. 15 is ^ perspective view of one example 
of arrangement of culture medium supplying nozles 
30 utilized for this embodiment; 

Rg. 16 is a longitudinal sectional view of the 
fourth embodiment according to this invention; and 

Rg. 17 is a view showing a relationship 
between a distance from the culture medium inlet 
35 to an outlet portion in the bioreactor and indexes of 
concentrations and productivity. 

DESCRIPTION OF THE PREFERRED EMBODl- 
40 MENTS 



Rg. 1 shows a bioreactor according to this 
invention comprising a cylindrical tank 2 arranged 
45 horizontally. The cylindrical tank 2 is provided with 
both ends closed by flanged seal members 20 and 
22. Rgs. 2 and 3 are sectional views taken along 
the lines ll-ll and Ill-Ill, respectively, shown in Rg. 
1. 

50 Referring to Rgs. 2 and 3, a cylindrical mesh 
member 4 is arranged concentrically with the cylin- 
drical tank 2. A plurality of oxygen supplying pipes 
6 and culture medium recovery pipes 8 are both 
concentrically arranged inside the mesh member 4 

55 so as to axiaily extend in the tank 2. A carrier 
immobilizing enzyme and cell packs in the inside 
of the mesh member 4 in the tank 2. A plurality of 
nozzle members 10 through which the culture me- 
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dium is supplied are arranged in a space between 
the outer side of the mesh member member 4 and 
the inner wall of the tank 2. 

The tank 2 is made of a glass or metallic 
material which is usually utilized for the material of 
a bioreactor. The diameter and the axial length of 
the tank 2 can be optionaiy decided in accordance 
with a scale of the bioreactor. The flanged seal 
members 20 and 22 sealing both the ends of the 
tank body may be formed of the same material as 
that of the body of the tank 2- As shown in Fig. 2, a 
culture medium supply passage 21 for supplying 
the culture medium towards the culture medium 
supplying nozzle members 10 is formed in the 
flanged seal member 20. An oxygen supply pas- 
sage 23 for supplying the oxyzen to the oxygen 
supplying pipes 6 and a culture medium recovering 
passage 24 for feeding the culture medium, prod- 
uct and waste material* recovered by means of the 
culture medium recovery pipes 8 to a system for 
the subsequent step are formed in the flanged seal 
member 22. 

A typical example of the mesh member 4 will 
be represented, as shown in Fig. 4. A wire mesh 
which is formed by a wire 42 is wound around, in a 
spiral form with equal intervals, the outer surfaces 
of supporting rodes 40 arranged on the same cir- 
cumference with equal intervals. Fig. 5 is a sec- 
tional view taken along the line V-V shown in Fig. 
4. Referring to Fig. 5, the dimension or size of the 
mesh member 4 is regulated by arranging the 
interval T between the adjacent spirals of the wire 
42 to thereby determine the size of a particle which 
can pass the mesh member 4. The interval n t n is 
usually determined so as to have a range in which 
the biological catalyst together with the culture 
medium can pass the interval "t", whereas the 
carrier such as granular carrier cannot pass the 
interval "t". For example, in a case where granular 
carriers, the average diameter of which is about 1 
mm, is utilized, it is desired to determine th.e inter- 
val T to a value about half (0.5 mm) of the 
diameter of each particle. Another type of mesh 
member such as punching metal in form of a metal 
net may be utilized in substitution for the wire 
mesh member. At any rate, the mesh member 4 is 
• arranged in the tank 2 concentrically therewith and 
the both end openings of the mesh member 4 are 
closed by the flanged seal members 20 and 22 as 
shown in Fig. 2. According to the arrangement of 
the mesh member 4, the interior of the tank 2 is 
divided into inner and outer spaces and the inner 
space is packed with the carrier for immobilizing 
the biological catalyst The diameter of the mesh 
member 4 will be optionally designed in consider- 
ation of the diameter of the tank 2 and the packing 
amount of the carrier. 

The oxygen supplying pipes 6 are arranged for 



% 

the purpose of supplying the oxygen by the 
amount substantially corresponding to that con- 
sumed in the culture medium by the cells to keep 
constant the dissolved oxygen concentration. The 

5 cells of animals or plants are not provided with cell 
membranes such as observed with the cells of 
microorganisms, so that the former cells are liabiy 
mechanically damaged and, in a certain case, the 
cells may be sheared by turbulent flow caused at 

10 vanishing time of bubbles of oxygen existing in the 
culture medium. Accordingly, it is desired to supply 
the oxygen into the culture medium through the 
oxyzen supplying pipes 6 so as not to generate 
oxygen foam. Fig. 2 and Fig. 6 show the oxygen 

rs supplying pipes 6 each designed so as to attain 
the function described above. As shown in Figs. 2 
and 6, the oxygen supplying pipe 6 comprising a 
supporting pipe structure 60 made of. a sintered 
porous SUS having one opening end connected to 

20 the flanged seal member 22 so as to communicate 
with the passage 23 is formed therein. The outer 
peripheral surface of the pipe structure 60 is cov- 
ered with a porous Teflon film 62 having a water 
repellency and both the ends of the pipe structure 

25 60 are sealed with Orings 64 and 66. 

Fig. 7 is an enlarged sectional view of a part of 
the oxygen supplying pipe 6 shown in Fig. 6, in 
which the oxygen in the SUS pipe structure 60 
passes the pores 61 and then passes the pores 63 

30 of the porous Teflon film 62 into the culture me- 
dium in the tank 2. Since the diameter of each of 
the pores 63 is usually of about 0.01 to 1.0u m, the 
oxygen supplied into the culture medium through 
the pores 63 can be dissolved in the culture me- 

35 dium without generating any foam. 

According to this invention, the porous Teflon 
film 62 may be substituted with a silicon thin film 
having a water repellency and when the silicon thin 
film is coated on the outer periperal surface of the 

40 SUS pipe structure 60, the oxygen passing the 
pores 61 then passes spaces between molecular 
branches of the silicon thin film and dissolved in 
the culture medium without generating any foam. 
The oxygen to be supplied into the culture 

45 medium through the oxygen supplying pipe 6 may 
be substituted with an air. 

The oxygen supplying pipes 6, six in the em- 
bodiment illustrated in Fig. 3. of the character de- 
scribed above are arranged at circumferential por- 

50 tions concentrically with the location of the mesh 
member 4 in the inside of the mesh member 4 with 
equal intervals. The arrangement and the number 
of the oxygen supplying pipes 6 may be optionally 
selected as occasion demands in accordance with 

55 the size or capacity of the bioreactor. 

The culture medium recovery pipe 8 serves to 
recover products produced in the bioreactor, used 
culture medium and waste material and to feed 



them to the next system for carrying out purifica- 
tion, for example. The culture medium recovery 
pipe 8 comprises a pipe structure made of sintered 
porous SUS and having one opened end which is 
connected to the flanged portion 22 so as to com- 
municate with the passage 24 for recovering the 
culture medium as shown in Fig. 2. The recovery 
pipe 8 is disposed at a portion in the tank 2 apart 
from the mesh member 4 by a distance smaller 
than the' distance t described hereinbefore as 
shown in Fig. 17, i.e. the distance from the culture 
medium inlet just before a portion at which the 
nutritional concentration, the dissolved oxygen con- 
centration and the available substance productivity 
are extremely lowered. Namely, the culture me- 
dium passing the mesh member 4 radially inward 
of the tank and passing the carrier immobilizing the 
biological catalyst can be recovered through the 
culture medium recovery pipe 8 without flowing 
over the distance 1. Accordingly, the contact dis- 
tance between the culture medium and the static 
phase can be maintained substantially constant 
whereby the nutritional concentration, the dissolved 
oxygen concentration and the available substance 
productivity can be maintained with high precision. 
The distance 1 may be optionally selected in ac- 
cordance with the kinds or types of the biological 
• catalyst to be utilized. The embodiment shown in 
Fig. 3 includes seven culture medium recovery 
pipes 8, six being arranged at circumferential por- 
tions conceotrlcai with the inside mesh member 4 
with equal intervals and the other one being ar- 
ranged at substantially the central portion of the 
tank 2. The arrangement and the number of the 
recovery pipes 8 may be determined in accor- 
dance with the diameter of the mesh and the 
distance 1 described above as occasion demands. 
Moreover, the diameter of each pore of the SUS 
pipe structure of the recovery pipe 8 will be se- 
lected from a value ranging 1 to 50 u m, 20 u , for 
example, in which the culture medium can pass, 
but the biological catalyst cannot pass. 

The culture medium supplying nozzle member 
10 is arranged so as to axially extend in the tank 2 
between the inner wall of the tank 2 and the mesh 
member 4 to supply the fresh culture medium 
axially uniformly in .the tank 2. In the embodiment 
illustrated in Fig. 2, a plurality of nozzles 10 each in 
shape of an injection needle are arranged in the 
tank 2 in a manner that one opened ends thereof 
are connected to the flanged seal member 20 so 
as to communicate with the culture medium supply 
passage 21. In a typical embodiment, the culture 
medium supplying nozzles 10 are arranged at the 
circumferential portions with equal intervals con- 
centrically with the tank 2 with axial lengths sub- 
stantially equal to each other, but, in an alternation 
such as shown in Fig. 8, the axial lengths thereof 



may be periodically changed. Referring to Fig. 8, 
the flanged seal member 20 is provided with an 
inner surface 20a facing inside the tank 2 and a 
plurality of nozzles 10 for supplying the culture 
s medium are arranged at circumferential portions of 
a circle coaxial with the outer circular edge of the 
surface 20a with substantially equal intervals so as 
to extend perpendicularly with respect to the sur- 
face 20a. The respective nozzles 10 are provided 
70 with front end openings 10a and the distances from 
the base ends of the respective nozzles to the front 
end openings 10a thereof, i.e. the axial lengths 
thereof, are periodically changed. For example, the 
lengthes of the respective nozzles 10 may be se- 
ts lected so that a line connecting the front ends 10a 
of the respective nozzles 10 constitutes a sine 
curve or wave curve, for example, along the cir- 
cumferential direction of the arrangement of this 
nozzles 10. The lengths and the numbers of the 
20 nozzles 10 may be determined opptionally in ac- 
cordance with the size or dimension of the bioreac- 
tor so that the front end portions 10a thereof are - 
uniformly disposed in the axial and circumferential 
directions in the tank 2. Although, in the illustrated 
25 embodiment; the culture medium supplying noz- 
zles 10 are arranged on the single circumference, 
but, in a modification, the nozzles may be arranged 
on a plurality of circumferences. 

According to the location of the culture medium 
30 supplying nozzeis 10 of the character described 
above, the culture medium is prevented from pass- 
ing merely a portion near the flanged seal member 
20 (culture medium supplying side), that is, so- 
called a short pass supply can be prohibited, 
35 whereby the culture medium can be axially uni- 
formly supplied in the tank 2. 

In a modification according to this invention, 
the culture medium supply nozzles 10 may be 
eliminated and, in this modification, in which a wire 
40 mesh is utilized, the wire mesh may have such 
arrangement as that intervals t, as shown in Fig. 5, 
of the adjacent wires constituting the wire mesh are 
changed in a gradually increasing manner from the 
flanged seal member 20 side towrds the flanged 
45 seal member 22 side to increase the mesh size in 
this direction. Namely, by changing the intervals t 
in a range in which the carriers immobilizing the 
biological catalyst cannot pass the mesh in the 
above described manner, the culture medium can 
so easily pass the mesh at a portion, having the large 
intervals ""t", apart from the flanged seal member 
20, i.e. the culture medium supplying side, where- 
by the culture medium will be substantially uni- 
formly pass the mesh in the axial direction thereof 
55 in the tank 2. 

According to this invention, an adhesive animal 
cell such as CHO cell or BHK cell, yeast or mi- 
croorganism, or the like may be utilized as the 
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biological catalyst. A various kind of known carriers 
immobilizing the biological catalyst superior in the 
biological affinity may be utilized for the carrier in 
this invention and a granular carrier, or a three- 
dimensional net shaped carrier may be also uti- 
lized. The granular carrier includes a bead carrier, 
a particle carrier, a hollow sherical carrier and a 
rasching ring carrier, and the three-dimentional net 
shaped carrier includes a ceramic porous body, a 
foam polymer carrier, a fobered carrier, etc. 

The bioreactor according to this invention may 
be constructed to be rotatable about the central 
axis thereof. Fig. 9 shows one embodiment of the 
rotary type bioreactor according to this invention. 
Referring to Fig. 9, the bioreactor 101 is provided 
with a cylindrical tank 102 with the axis extending 
horizontally and both ends of the tank 102 are 
closed by circular flanged seal members 114 and 
116. The outer periphery of the flanged portion 117 
of the flanged seal member 1 16 is formed so as to 
exhibit teeth shape so that the flanged portion 117 
itseif acts as a rotating gear 1 17a (spur gear) which 
is meshed with a drive gear 140 driven by a speed 
reduction motor 143 through power transmission 
members 141 and 142. Shaft members 120 and 
121 are disposed in a projecting manner from the 
central portions of the outside surfaces of the 
flanged seal members 114 and 116. The shaft 
members 120 and 121 are supported by bearing 
members 122 and 123, respectively. According to 
this arrangement, when the drive gear 140 is rotat- 
ed by the speed reduction motor, the gear 117a 
rotates about the central axis of the tank to thereby 
rotate the bioreactor 101. 

Figs. 10 and 11 are sectional views taken along 
the lines X-X and XI-XI shown in Fig. 9 and refer- 
ring to Figs. 10 and 11, the inside structure of the 
tank 102 has substantially the same as that of the 
embodiment shown in Fig. 2. The cylindrical mesh 
member 104 is disposed in the tank 102 concen- 
trically therewith and a plurality of oxygen sup- 
plying pipes 106 and a plurality of culture medium 
recovery pipes 108 are coaxially arranged inside 
the mesh member 104. The carrier for immobilizing 
the biological catalyst packs inside the mesh mem- 
ber 104. A plurality of culture medium supplying 
nozzle members 110 are arranged in a space be- 
tween the inner wall of the tank 102 and the outer 
surface of the mesh member 104. The mesh mem- 
ber 104, the oxygen supplying pipes 106, the cul- 
ture medium recovery pipes 108, and the culture 
medium supplying nozzle members 110 have sub- 
stantially the same structures as those of the for- 
mer embodiment so that the details thereof are 
now eliminated herein. 

As shown in Fig. 10, the shaft member 120 of 
the flanged seal member 114 is supported liquid- 
tightly by the bearing member 122 through a rotary 



seal 130 and a culture medium supplying pipe 126 
is connected liquid-tightly to the bearing member 
122 through a seal member 131 so as to commu- 
nicate with a culture medium supply passage 125 

5 which in turn communicates with the culture me- 
dium supplying nozzle t members 110. The shaft 
member 121 of the flanged seal member 116 is 
supported air-tightly through a rotary seal 132a by 
the bearing member 123. A culture medium recov- 

10 ery pipe 129 is connected to the shaft member 121 
air-tightly and liquid-tightly through a rotary seal 
132b and a seal member 133 so that an oxygen 
supply passage 135 and a culture medium recov- 
ery passage 136 formed in the bearing member 

75 123 communicate with the oxygen supply passage 
127 and the culture medium recovery passage 128 
formed in the shaft member 121. As described 
hereinbefore, when the drive gear 140 is driven by 
the speed reduction motor 143, the tank 102, the 

20 flanged seal member 114 (shaft member 120) and 
. the flanged seal member 116 (shaft member 121) 
are integrally rotated. 

The rotation of the bioreactor facilitates the 
adhesion of the biological catalyst uniformly and 

25 with high density throughout the whole .surface area 
of the static bed and improves the function of the 
static bed. Moreover, the nutritional concentration 
and the dissolved oxyzen concentration can be 
also uniformed, whereby the metabolic activity of 

30 the biological catalyst can be maintained and the 
productivity of the products by the bioreactor of 
this invention can be extreamly improved. 

The rotation speed of the bioreactor according 
to this invention can be optionally set to a suitable 

35 value by taking into consideration the kind or type 
of the biological catalyst to be used and the scale 
of the bioreactor to be used. For example, when 
animal ceils are used, it is desired to rotate the 
bioreactor with the speed of revolution of about 0 

40 to 16, preferably 0 to 3 revolutions/hour. . 

With the embodiment of this invention de- 
scribed above, the culture medium in the tank 2 or 
102 flows radially inwardly from the outer side of 
the tank, but in a modification of this invention, it is 

46 possible to flow the culture medium radially out- 
wardly from the inner side of the tank. 

Figs. 12 to 14 show a further embodiment of a 
bioreactor according to this invention, in which a 
plurality of cylindrical mesh members 204, a plural- 

50 ity of oxygen supplying pipes 206 and a plurality of 
culture medium recovery pipes 208 are arranged 
so as to axially extend in a tank 202. 

Each of the cylindrical mesh members 204 has 
a diameter smaller than that of the mesh member 4 

55 or 104 in the former embodiments. With the em- 
bodiment shown in Fig. 14, seven mesh members 
204 are arranged, one being arranged at the cen- 
tral portion of the tank 202 and the other six being 



n 



arranged at portions on the same circumference. 
Each of these meshes 204 communicates with a 
culture medium supplying passage 221 formed in a 
flanged seal member 220 and the structure of the 
mesh member 204 may accord with that shown in 
Fig. 4 or 5. In this case, it is desired that the 
interval t of the adjacent wires 42 constituting the 
mesh structure is gradually increased from the 
flanged seal member 220 side (culture medium 
supplying side) towards the flanged seal member 
222 side. The culture medium can be pass uni- 
formly throughout the axial direction of the mesh 
members 204 by changing the interval t in the 
manner described above. This interval t is set to a 
range, as described with reference to the former 
embodiments, in which the biological catalyst to- 
gether with the culture medium can pass the 
meshes, but the carrier cannot pass the same. 

The culture medium supplying nozzles of the 
character described above may be arranged in the 
mesh members 204 having the constant wire inter- 
val t. Namely, as shown in Fig. 15, a plurality of 
culture medium supplying nozzle members 210 are 
arranged on the inner surface 220a of the flanged 
seal member 220 facing inside the tank 202 at 
portions on the circumference concentric with the 
circular outer periphery of the fanged seal member 
220 so as to extend axially inward of the tank 202 
and the mesh member 204 are disposed so as to 
surround the culture medium supplying nozzles 
210. The culture medium can be uniformly sup- 
plied to the carrier by arranging the culture me- 
dium supplying nozzle members 210 so that the 
front ends 210a of the nozzles 210 may evenly 
exist in the meshes 204. 

The oxygen supplying pipes 206 each has a 
structure substantially the same as that described 
with reference to the former embodiment and, ac- 
cordingly, the opened end of the pipe 206 is con- 
nected to the flanged seal member 222 so as to 
communicate with the oxygen supply passage 223. 
The respective oxygen supplying pipes 206 are 
arranged at portions on the circumference concen- 
tric with the tank 202 outside the arrangement of 
the meshes 204. 

The culture medium recovery pipes 208 each 
also has a structure substantially the same as that 
described with reference to the former embodiment 
and at least one culture medium recovery pipe 208 
is arranged within a range apart from the meshes 
204 by the distance t . In the embodiment illus- 
trated in Fig. 14, the six culture medium recovery 
pipes 208 are arranged at portions on the circum- 
ference concentric with the tank 202. Each of pores 
of the porous sintered SUS pipe structure constitut- 
ing the culture medium recovery pipe 208 is 
formed so as to have a diameter so that the culture 
medium can pass the pores but the biological 



catalyst cannot pass the pores, i.e. to have a diam- 
eter of about 0.1 to 50ix m. 

The carriers immobilizing the biological catalyst 
are packed inside the tank 202 and the culture 

5 medium is supplied through the culture medium 
supplying passage 221 to the respective mesh 
members 204 and finally flow out inside the tank 
202. The culture medium supplied in the tank 202 
moves in the tank 202 in the radial direction thereof . 

w while contacting the static phase and then recov- 
ered by the culture medium recovery pipes 208 
together with the products and the effete or waste 
material. 

The bioreactor of this embodiment may be also 
is constructed to be rotatable as described with refer- 
ence to the former embodiment. 

Fig. 16 shows a sectional view of a rotary type 
bioreactor according to this invention. Referring to 
Fig. 16, the tank 302 of the bioreactor 301 has 
20 substantially the same inner structure as that of the 
tank 202 shown in Fig. 13. A plurality of mesh 
members 304, a plurality of oxygen supplying 
pipes 306 and a plurality of culture medium recov- 
ery pipes 308 are arranged in the tank 302 so as to 
25 extend in the same axial direction therein and the 
carriers are packed in a space between the inner 
wall of the tank 302 and the mesh members 304, A 
flanged seal member 314 closing one end, i.e. 
culture medium supplying side, of the tank 302 has 
30 a shaft portion 320 which is supported liquid-tightly 
by a bearing member 322 through a rotary seal 
330. A culture medium supplying pipe 326 is con- 
nected liquid-tightly to the bearing member 322 
through a seal member 331 so as to communicate 
35 with a culture medium supplying passage 325 
formed in the shaft 320. A flanged seal member 
316 closing the other one end, i.e. culture medium 
recovery side, of the tank 302 has a shaft portion 
321 which is supported air-tightly by a bearing 
40 member 323 through a rotary seal 332a. A culture 
medium recovery pipe 329 is connected to the 
bearing member 323 air-tightly and liquid-tightly 
through a rotary seal 332b and a seal member 333 
so as to communicate with an oxygen supplying 
45 passage 328 and a culture medium recovery pas- 
sage 327 both formed in the shaft 321 . 

Both the flanged seal members 314 and 316, 
i.e. shafts 320 and 321 are integrally rotated by 
driving a speed reduction motor, not shown in the 
so manner described with reference to the former 
embodiment through a drive gear meshing with a 
gear 317a formed on the outer periphery of the 
flanged portion 317 of the flanged seal member 
316. The speed of rotation of the bioreactor 301 
55 may be optionally determined to a suitable con- 
dition in accordance with the kinds or types of the 
biological catalyst to be used or the size or scale of 
the bioreactor to be utilized and, for example, when 
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the animal cells are used, it is desired to determine 
the revolution speed to about 0 to 16, preferably 0 
to 3, revolutions/hour. 

With this embodiment, the arrangement of the 
culture medium supplying nozzle members 210 
(Fig. 15) is substantially the same as that of the 
embodiment shown in Fig. 15. 

With this embodiment, as described before, a 
granular carrier, a three-dimensional net shaped 
carrier, a honey-comb shaped carrier, a multi-lay- 
ered plate-like carrier, or a hollow fiber type carrier 
may be utilized as a carrier. 

In the bioreactors of the embodiments de- 
scribed above, the biological catalyst is uniformely 
immobilized in the carrier in the following manner. 
The culture medium including the biological cata- 
lyst supplied in the tank of the bioreactor flows 
axially entirely in the inside of the tank and passes 
radially through the mesh or meshes together with 
the biologicaf catalyst* and further radially flows 
while contacting the carrier. During this flow, the 
biological catalyst in the culture medium is uni- 
formly immobilized in the carrier and, accordingly, 
only the culture medium is recovered by the cul- 
ture medium recovery pipe. 

It is to be understood by persons skilled in the 
art that this invention is not limited to the embodi- 
ments described hereinbefore and many changes 
and modifications may be made without departing 
from the spirit and scope of the appended claims. 



Claims 

1. A bioreactor comprising: 
a cylindrical tank (2;102); 

a cylindrical mesh means (4; 104) arranged inside 
said tank concentrically therewith so that said cylin- 
drical mesh means separates an inner space of 
said tank into inside and outside spaces, said out- 
side space being filled with a culture medium in- 
cluding a biological catalyst and an inside space 
packed with a carrier; 

an oxygen supplying means (6; 106) comprising a 
plurality of pipes extending axially inside said mesh 
means for supplying an oxygen to the culture me- 
dium; 

means for supplying the culture medium in said 
tank so as to flow the culture medium radially 
inwardly inside the tank; and 
a culture medium recovery means (8; 108) com- 
prising a plurality of pipes extending axially inside 
said mesh means for recovering the culture me- 
dium after utilized. 

2. A bioreactor according to Claim 1, wherein 
said oxygen supplying pipes (6; 106) are arranged 
concentrically with said tank with substantially 
equal spaces in a circumferential direction and said 



culture medium recovery pipes (8; 108) are ar- 
ranged concentrically with said tank with substan- 
tially equal spaces in a circumferential direction. 

3. A bioreactor according to Claim 1 or 2 
5 wherein said tank (2; 102) is constructed to be 

rotatable about a central axis thereof through a 
driving mechanism (140, 141, 142, 143). 

4. A bioreactor according to Claim 1, 2 or 3 
wherein said tank (2; 102) is, provided with longitu- 

10 dinal end portions opened outwadly, said opened 
ends being closed by seal members (22; 115 and 
20; 114), respectively. 

5. A bioreactor according to Claim 4 wherein 
the mesh means (4: 104) is secured at both ends 

75 to said seal members (22; 116 and 20; 114) and 
wherein the oxygen supplying pipes (6; 106) and 
the culture medium recovery pipes (8; 108) each 
being provided with one open end . which is con- 
nected to an inner surface of one of said seal 

20 members. 

6. A bioreactor according to Claim 5, wherein 
said one of seal member (22; 116) is provided with 
an oxygen supply passage (23; 127) and a culture 
medium recovery passage (24; 128) formed in said 

25 seal member so as to communicate with said 
opened ends of said oxygen supplying pipes and 
said culture medium recovery pipes, respectively. 

7. A bioreactor according to Claim 5 or 6. 
wherein said mesh means (4; 104) has a structure 

30 formed so that mesh sizes are gradually increased 
from a culture entering one end towards the other 
end secured to said one seal member (20; 116). 

8. A bioreactor according to Claim 5. 6 or 7 
wherein the culture medium supplying means com- 

35 prises a plurality of nozzle members (10; 110) 
secured at one end to an inner surface of the other 
one of said seal members (20; 1 14) so as to extend 
axially inwardly of said tank in the inside space 
between the inner wall of the tank and the mesh 

40 means (4; 104). 

9. A bioreactor according to Claim 8, wherein 
said the other one of seal members (20; 114) is 
provided with a culture medium supply passage 
(21; 125) formed therein so as to communicate with 

45 one opened end of each of said culture medium 
supplying nozzles (10; 110). 

10. A bioreactor according to Claim 8 or 9, 
wherein said culture medium supplying nozzle 
members (10; 1 10) are arranged concentrically with 

50 said tank (2; 102) with substantially equal spaces in 
a circumferential direction. 

11. A bioreactor according to Claim 8, 9 or 10, 
wherein said culture medium supplying nozzle 
members (10; 110) have axial lengths periodically 

55 different from each other. 

12. A bioreactor according to any one of the 
preceding claims, wherein said mesh means (4; 
104) is provided with mesh structure having a size 
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capable of passing the culture medium together 
with the biological catalyst, and said culture me- 
dium recovery pipes have porous structures ca- 
pable of passing the culture medium but not pass- 
ing the biological catalyst 

13. A bioreactor comprising; 
a cylindrical tank (202; 302); 

a mesh means (204; 304) comprising at least one 
cylindrical mesh member arranged inside said tank 
concentrically therewith so that said cylindrical 
mesh means separates an inner space of said tank 
into inside and outside spaces, said outside space 
being packed with a carrier and an inside space 
filled with a culture medium including a biological 
catalyst; 

an oxygen supplying means (206; 306) comprising 
a plurality of pipes extending axially outside said 
mesh means for supplying an oxygen into said 
tank; 

means for supplying culture medium in the tank so 
as to flow the culture medium radially outwardly in 
the tank; and 

a culture medium recovery means (208; 308) com- 
prising a plurality of pipes extending axially outside 
said mesh means for recovering the culture me- 
dium after utilized. 

14. A bioreactor according to Claim 13, 
wherein said oxygen supplying pipes (206; 306) 
are arranged concentrically with said tank (202; 
302) with substantially equal spaces in a circum- 
ferential direction and said culture medium recov- 
ery pipes (208; 308) are arranged concentrically 
with said tank with substantially equal spaces in a 
circumferential direction. 

15. A bioreactor according to Claim 13 or 14, 
wherein said tank (202; 302) is constructed to be 
rotatable about a central axis thereof through a 
driving mechanism. 

16. A bioreactor according to Claim 13, 14 or 
15, wherein said tank (202; 302) is provided with 
longitudinal end portions opened outwardly, said 
opened ends being closed by seal members (220, 
314 and 222, 316), respectively. 

17. A bioreactor according to Claim 16, 
wherein the mesh means (204; 304) is secured at 
both ends to said seal members (222; 316 and 
220; 314) and wherein the oxygen supplying pipes 
(206; 306) and the culture medium recovery pipes 
(208; 308) each being provided with one open end 
which is connected to an inner surface of one of 
said seal members (222; 316). 

18. A bioreactor according to Claim 17, 
wherein said one of seal member (222; 316) is 
provided with an oxygen supply passage (223; 328) 
and a culture medium recovery passage (224; 327) 
formed in said seal member so as to communicate 
with said opened ends of said oxygen supplying 
pipes and said culture medium recovery pipes, 



respectively. 

19. A bioreactor according to Claim 17 or 18, 
wherein one end of the mesh means (204; 304) 
secured to the other one of seal members (220; 

5 314) which is provided with a culture medium sup- 
ply passage (221; 325) formed therein so as to 
communicate with an inner space of said mesh 
means through the one end thereof. * 

20. A bioreactor according to Claim 19, 
w wherein said mesh meand (204; 304) has a struc- 
ture formed so that mesh sizes are gradually in- 
creased from the culture entering one end towards 
the other end secured to said one of seal member 
(222; 316). 

75 21. A bioreactor according to Claim 17, 18, 19 
or 20, wherein said culture medium supplying 
means comprises a plurality of culture mediurh 
supplying nozzle members (210; 310) having one 
end secured to said the one of seal members (220; 

20 314) so as to communicate with said culture me- 
dium supply passage (221; 325) formed in the seal 
member and arranged inside said mesh means 
(204; 304) so as to extend concentrically with said 
tank with substantially equal spaces in a circum- 

25 ferential direction thereof. 

22. A bioreactor according to any one of 
Claims 13 to 21, wherein said culture medium 
supplying nozzle members (210; 310) have axial, 
lengths periodically different from each other. 

30 23. A bioreactor according to any one of 
Claims 13 to 22, wherein said mesh means (204; 
304) is provided with mesh structure having a size 
capable of passing the culture medium together 
with the biological catalyst and said culture me- 

35 dium recovery pipes (208; 308) have porous struc- 
tures capable of passing the culture medium but 
not passing the biological catalyst. 
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